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The objeclive of the Composile 1oad Spectra (C1S) project is lo build a
knowledge-hased system Lo synlhesize probabilislic loads for selecled space
propulsion cngine componenls. The knowledge based syslem has a load expert
system module and a load calcutalion module. The load experl syslem provide
load informalion and the Toad calculation module generales the probabilistic
load distribulions.

The cngine loads can bhe divided into four hroad classes: the engine
independent  loads, the engine system dependent  load, the componenl Tlocal
independent  loads and  1the componenl loads. the engine independent  loads

include engine operaling condilions and the engine harduare paramclers.  The
engine operaling condilions are tlhe 0/1 mixture ralio, and Llhe engine fuel arnd
oxidizer inlel conditions elc. lhe engine harduare paramelers are for cxample
1he MWPFIP pump efficiency, the HPOIP furhine cofficiency, elc. The engine
system dependent loads are 1he operaling conditions of the engine subsystems
such as the HPFIP turbine inlel and discharge pressurces. The component Yoads
including the local dindependenl  loads are loads interpal 1o lhe enginc
subsyslems. The componenl loads are cvalvaled with a multi-Tevel engine model
implemented  on CLS. The multi-level engine model  includes  an engine
probabilislic inilucnce madel  and many componenl  Toad model<.  The engine
subsyslem dependenl Toads are evaluated by the probahilistic influence model
and  lhey are in lurn fed into the component  toad models lo generale the
component Toads.  Figures 1 and 2 illustrale the loads and the engine models.

The engine  probabilislic influence model  calculates  Lhe  congine  sysiem
dependenl load variations from a sel of engine influence coefficienls as shown
in Figure 3. The dinfluence coelfficienls are dependenl of the engine ¢ ommanded
power level.  These dinlluence coolficienls were derived from the engine f1light
and Llest data.  The engine model dmplemenled on ClS has 64 independenl loads
and 99 system dependent Toads. The load mean values, coefficient  of
varialions and the influcpce cocficicents are stored in Lhe CIS knowledge
hase. They can he retrieved by Lhe Toad cxpert syslem vhen needed. There are
many  componenl  Toad models as listed in Pigure 4, cach of which is for a
cerlain componenl  load, for example, the pressure scdaling model is  faor
evaluation Lhe component slabic pressure for the Lurbine blade, the lransfer
ducl and olher components.  The probabilislic thermal  load model ds lor
evaluating the lemperatures of lhe componenls. o many cases, cach componci i
has ils owm geomelry model and relaled parvamelors. They are slored inoa
datahase Tormal in Lhe €IS knowledge hase.

*  Work performed under NASA Conlracl NAS3--243482
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The four engine componentls selecled for implementation are ihe lurbine blade,
the transfer ducls, the LOX posls and the HPOIP discharge duct. The loads for
lhese components important to the probabilistic slructural analyses and
reliabilitly calculations are lisled in Fiqgure 5.

The load calculation module provides 1hree probabilistic  methods for
gencraling probabilistic loads. They are Llhe Caussian momenl method, the
RASCAL  (Random Sampling Condensalion Algorilhm) method and the Monle Carlo

Mcthod.  The Gaussian moment mothod a<sumes al) inpul loads are normally
distributed. 1he dependenl loads are cvalualed analytically. The RASCAL is a
discrete probabilily disiribulion method. 1t reduces compulational 1ime by

restricling the sample space as il combines loads. 7The Monle Carlo method s
a slandard version of the Monte Carlo sampling melhod. The probabilistic
models implemented on CLS are shown in [iqure 6. They include models for
calculaling the steady state load and the transienl slale loads. Al present,
the steady state and the quasi-sleady slale models are available for duty
cycle mission calculations. The olher probabilistic models are available for
stand alone calculations. Fiqgure 7 shows a comparison of the results of the
Gaussian method and the RASCAL melhod wilh the HPFIP discharge pressure ddla
at 100% power level, The calculations malch reasondbly well with the data.
Figures 8 and 9 show the confident inlerval calculalions Tor Lhe HPFIP lurbine
torque using RASCAL method with various bin numbers and different sampling
options. The confidenl intervals compare well with Lhe Monle Carlo method,
Notice Thal the bin numbers used in RASCAL are much smaller Lhan Lhe Monte
Carlo sample sirze.

the Composile Load Speclra knowledge based system as delincaled in Figures 10
and 11 are developed for load synlheses of selocted space propulsion cngine
components. Its  domain  knowledge includes engine load informalion and
probabilistic engine load models. The knowledge -based syslem has a built-in
database system that can handle the dalabase operations. 11 provides tlhree
basic probabilistic methods and numerous probability models for building
models for componenl Toad calculalions.  The load experl system can relrieve
the required load data and prepare inpul files for the load calculations. 1In
an applicalion study, presented separalely in  Lhis conference, weo  have
demonsiraled thal using the marginal distribulion method ihe €IS can provide
the composile load spectra to a slruclural analysis program for probabilistic
analysis and thus eliminales the neced of modeling  the Tloads inside the
structural analysis program.
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SYSTEM CLASS OF LOADS
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CCHMPCSITE LDAD SPLCTRA
MULTI-LEVEL ENGIWE MODIL
ENGINE SYSTEM mODEL

. PROBABILISTIC INFLUENCE MODEL

:Zi = 1 {10 fii
o 1 Hoox,
WHERE X1'S ARE ENGINE INDEPENDENT LDADS
e.q. ENGINE MIXTURE
FUEL AND OXTDIZER INLET PRESSURES AND INLET TEKPERATURES
HPFTIP & HPOUTP PUMP EFFICIENCIES
HPFIP & HPOTP TURBINE EFFICIENCIES, LTC.
VJ'S ARE ENGINE SYSTEM DEPENDENT LDADS
€.9. KPFTP TURBINE TWLET PRESSURE AND DISCHARGE PRISSURE
HPOTP TURBINE TORQUE, 16, '
(10);, ARE THE INFLUENCE COEFFICIENTS .
THEY ARE FUNCTIONS OF THE COMMANDED POWER LEVEY

KNCWLEDGE BASE
. ENGINE LDAD KNOWLEDGE = MEAN, TV, DISTRIBUTION TYPL

. THFLUENCE MODEL ~ TNFLUENCE COEFFICIENYVSET, GAIN INFDRMATION, DUTY-CYCLE DATA

Figure 3.

COMPOSITE LOAD SPECTRA
MULTI-LEVEL ENGINE MODEL

. COMPONENT LOAD MODELS
. COMPONENT STATIC PRESSURE SCALING MODEL
. TURBINE BLADE DYNAMIC PRESSURE LOAD MODEL
. TRANSFER DUCT FLUCTUATION PRESSURE MODEL
. PROBABILISTIC THERMAL LOAD MODEL
¢ KNDWLEDGE BASE
. COMPONENT LODAD MODELS
s DEPENDENCY ON ENGINE LOADS
. LCAD PARAHETER DATABASE
. INFLUENCE AND SCALING COEFFICIENTS

. COMPONENT GEOMETRY DATABASE

Figure 4.
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COMPOSITE LOAD SPECTRA
ANLOAD = THE LOAD CALCULATION MCDULE
PROBABILISTIC METHODS
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Figure 6.
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CONFIDENCE BAND CALOULATIONS
O MONTE CARLO BANDS ARE CALCULATED USING CLASSICAL STATISTICAL RESULTS

O MONTE CARLO CONFIDENCE BAND INTERVALS BECCME SMALLER (I.E. ACCURACY
INCREASES) WITH INCREASING MUMEER OF SIMILATICNS

O RASCAL CALCULATIONS INCLUDE THE CONTINUOUS PORTION OF THE PROBABILITY
SPACE IN THE CONFIDENCE BAND CALCULATIONS

O THE CONTINUCUS PROBABILITY SPACE THAT IS NOT REPRESENTED IN THE
INDIVIDUAL DISCRETE DISTRIBUTIONS CAUSES A DECREASE IN THE FOINT
ACCURACY BY RASCAL

O THEREFORE, THE CONFIDENCE BAND INTERVALS BECOME SMALLFR WITH AN
INCREASING NUMEER OF INITIAL DISCRETE INTERVALS

Figure 9.
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LDEXPT LOAD EXPERT SYSTEM

® EXPERT SYSTEM DRIVER

» DECISION TREE INFERENCE

* QUERY ON THE DATABASE KEY VARIABLES
®» LOAD DATABASE SYSTEM

* STAND-ALONE DATABASE SYSTEM

» EXPERT SYSTEM INTERFACE
* KEY VARIABLES ARE ATTRIBUTES OF THE EXPERT SYSTEM
» USER/EXPERT SYSTEM SELECT OPTIONS ON KEY VALUES

® SIMPLE WORKING MEMOhY MODEL
* PASSING INFORMATION BETWEEN RULE MODULES

¢ LDEXPT RULE MODULES

* IMPLEMENTING PROCESS AND CONTROL KNOWLEDGE
s e.g., RETRIEVING LOAD INFORMATION
¢ IMPLEMENTING PROBLEM-SOLVING KNOWLEDGE
¢ e.g., SELECTING INDEPENDENT LOADS BASED ON GAINS

® PROBABILISTIC LOAD MODULE - ANLOAD (BATTELLE)

Figure 10.

LDEXPT: LOAD EXPERT SYSTEM

LDEXPT

2 =)
I l TOOL RULE ]
ANLOAD [_B:X—H seszoouLEl l "“"‘q l'ROFD’J uTiLITY
3 3 3

4 4

A 4
PROBLEM TEXT FILE
| RULE FILE I [f LOAD DATABASE ]

Figure 11.

166



